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*  Primary Questions

— How much was released and what was its makeup?
— Where did the material in the release volume go?
— How was water quality affected?

— What was water user exposure to toxic metals?

— Did any of the material stay in the river system, sequester to

the streambed?

— [If so, will that material be released into the river and will it

have secondary impacts after the initial spill?

Were groundwater drinking water or irrigation sources

potentially impacted?

Have the rivers returned to pre-event metals levels?
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Metals mass carried during GKM Plume

Deposition of metals mass in the streambed
Post-event metals in bed sediments
Post-event metals in surface water

Potential future entrainment of metals
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ORD/NERL Subject Experts Working on the Project
John Washington, Geochemistry

Chris Knightes, WASP, water quality

Mike Cyterski, Data analysis, statistics
Kate Sullivan, Hydrology, project lead
Craig Barber, Fish effects

Steve Kraemer, Groundwater

Anne Neale, Megan Mehaffey, EnviroAtlas
Lourdes Prieto, GIS and data acquisition
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Tracking Metals Mass Transported
Through the Animas River

Materials sourced from: Partitioning a function of

*  Contaminated soils outside GKM mine pH, metal species, time
and the hillslope between -GKM and
Cement Creek

»  Scoured from Cement Creek and its
floodplain

»  Aggregated colloidal matter created
from dissolved metals in the mine
effluent itself

Dissolved

Dispersed and
Aggregate

ttled colloidal

aggregates
Sediment in transport a mixture:
e Larger particulates (sand/silt) In the streambed
e  Fine particulates (clay) e Metals bound to surfaces of rocks and sand grains
*  Aggregated colloidal material of * Entrapped by microbes
varying size, texture, and stability *  Mineralize eventually
e Sludge-like
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Metals Load in Animas River During GEKM Plume

- 475,000 7 349,000

1671 C}{) 71800 F2.000

58,5

- FO0

Diissolved w Colloidal

45,300

Metals mass carried by the river
declined as the plume traveled

 Dissolved Colloidal

 Colloidal

90% of the GKM metals mass
delivered to the Animas from the
GKM release was deposited within
the Animas River

Streambed

~45,000 kg of colloidal/particulate
was carried into the San Juan River

Dissolved load at background before
it left Animas system

Background mass computed for plume period

as constant concentration based or pre- or post

Empirical Model

plume sample for reference to plume days only
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Mass Transport of Individual Total Metals--Animas River

Bass Transport During GKM Relesse Generated Plume
Biass [kilograms)
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Mass Transport Total Metals During GKM Release Generated Plume Our 2 modeling approaches Empirical and WASP
ass (kilograms) AGREED
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lexcludes major cations
DISAGREED
- Exactly where the colloidal/particulate mass was
deposited
- Probably reflects details of topography and where
the anchoring sampling location falls within the
segments

The amount of metals mass released into the Animas
at Cement Creek

The amount of metals mass that left at Farmington

Generally where mass deposited
(most in Upper Animas, much less in lower Animas)

Maotals Mass (kg)

The 2 models encompass uncertainty in estimating processes
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&

Deposited GKM Colloidal/Particulate Mass—-
Animas River

w Brnpirical SWASP

Preliminary
Results

16.4 540 94,2 132.0 164.1 180.2
Distance from GKM (River Kilometer)
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Upper Animas Deposits Locations

WASP model and empirical data also suggest the majority of plume
mass (=85%) was deposited in three areas:

Upper Animas valley between
Cement/Animas confluence
and start of canyon below
Silverton (27%) (~4 km)

In the canyon reach between
Silverton and Baker’s Bridge
(38%) (~44 km)

In the braided reach between
Baker’s Bridge and Durango
(20%) (~30 km)

GogleEarth
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YelIoszh Within the
deposits at

' “canyon” reach 12
channel edge . o d .
and slow zones m aownstream
suggest GKM from A72 below

material on Silverton
streambed

October
2015

R

GoogIéEarth
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About 32 km
down river
from A72 below
Silverton

Yellowish
deposits
diminished but
still present

October
2015

GoogleEarth
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in Streambed

Deposited Plume Material

idge Area RK 64

’s Br

Baker

Oct 2015

Aug 2015

June 2014

GoogleEarth
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Meandering reach upstream of city of Durango

August 2015
Post-Event

August 6, 2015

October 2015
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Concentration (mg/kg)
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WASP Peak Conc of Total Particulates in the Sediments

Silverton

Durango == Poak Total As Cone
«  Background Tot Particulate Conc

& Post Plume Tot Particulate Conc

0 50 100 150 200 250 300 350 400 450 500

River Kilometer

WASP did not account for settling of non-
metallic particulates (silts, clays), and
therefore may over estimate sediment
metal concentrations

WASP deposits most metals in
three primary locations

Between the
Cement/Animas confluence
and the city of Silverton

In the canyon reach
between Silverton and
Baker’s Bridge

Between Baker’s Bridge and
Durango; the velocity of the
river decreased in this
segment after leaving the
canyon

Background and post-plume sediment total metal
concentrations are plotted at the 3 locations
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Primary research question:

How did the GKM deposits
affect metals
concentrations in the
streambed already known
to be contaminated with
AMD from the headwaters
region?

2
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Concentration {ugig)
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Arsenic, Copper and Lead: simulations suggest these metals settled upstream at Silverton and between Bakers Bridge

and Durango

Zinc traveled farther in dissolved form, forming colloidal solids over 60 km distance before settling in the Durango area
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Longitudinal patterns of sediment concentrations vary by metal
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A, Model Predictions
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Deposition patterns appear to follow pattern of
sorption pH implying time and distance to formation
of solid precipitates
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Historic patterns
of metals
contamination
shows strongly
declining trend
from Animas
headwaters
where AMD
contamination
originates from
hundreds of
mines

Post GKM event
concentrations
are generally
within the same
range as historic
observations
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Post Event and Historic Sediment Concentrations
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ent Statistical

Comparison of 95% confidence intervals for post-event and pre-event means: multiple metals, 3 sampling locations in Animas River

Pre-Event: Superfund samples from Silverton, 2012-2014
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Pre-Event: USGS samples at Farmington, 1994-2007
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Dark blue bars represent a 95% confidence interval for the mean concentration
of pre-event samples, lighter grey bars represent a 95% confidence interval for
the mean of post-event (through October) samples.

Pre Post

Pre post
B T

Sample Sizes:

Silverton: Pre-Event (5), Post-Event (12)
Baker’s Bridge: Pre-Event (4), Post-Event (9)
Farmington: Pre-Event (6), Post-Event (45)
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nent SArISOns

Sample Sizes
Silverton: Pre-Event (5), Post-Event {12)
Baker’s Bridge: Pre-Event (4), Post-Event (9) OBSERVATIONS:
Farmington: Pre-Event (6), Post-Event (45) * Longitudinal patterns of sediment metal concentrations are similar to USGS
Metal Sitverion Baker’s Bridge Farmington hiStoriC data
Aduminum \§$\>\\$\§ a.2n
ATy §\\ St . . . oo
T o \ " — * No post-event sediment metal concentration means are significantly greater than
rseric el Dex
o on i pre-event means
Beryllium TR . 0.
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e i variability in sampling:
Chyormium 0Ra AR aip
Copatt o oLl bt * Bed concentrations were already high in much of the Animas River
Copper 05 0.6 02 * New GKM-related deposits did not increase them on average
tran T . s a.09
tead FRET 396 . . . .
S o i Table shows the p-values associated with two-sample t-tests on mean concentrations in pre-event
Mangansse oia o and post-event samples:
Mercury ben G . Significantly Higher Pre-Event Concentration (p-value < 0.05)
Mickel 49 {54
S o i [ ] Significantly Higher Post-Event Concentration (p-value < 0.05)
Sefenium b b [ ] No Difference in Pre-Event vs Post-Event Concentrations (p-value > 0.05)
Sivar it 03
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:hamum i \\\\G Q\\\\ Tests based on log,, concentration
Yanadium 035 i
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Does this result concerning bed sediment make sense, given the large amount of deposition during the GKM plume?

Segment Segment 5-cm

Estimated Plume-

Unit Block of Sediment
ImxImx5cm

Weight = 75 kg

Bulk Density = 0.0015 kg/cm?3

River Seement Segment Sediment Bulk
g Length (cm) Width (cm) Density (kg/cm3)
Cement to Silverton 2,500,000 1,000 0.0015
Silverton to
Bakers Bridge 50,000,000 2,000 0.0015
Bakers Bridge to Durango 30,000,000 5,000 0.0015

Depth Sediment Prif::?; /hI:lge)tal Sez-i;n;r?tel?llt:tal
Weight (kg) Weight (kg)
18,750,000 80 1,500,000

750,000,000 80 60,000,000

1,125,000,000 40 45,000,000

Unit block of sediment composed of
8% metal at Silverton and Baker’s Bridge,
4% metal at Durango

Plume Metal
Deposited Metal Deposits as % of
{kg) Total
130,000 £ 922
; 5
190,000 . 0308
\,\
100,000 \ 0.2-0.6

B =
& e
i

Range covers calculation
between 2-5cm
sample depth
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WASP represents only GKM plume

* Empirical includes measured metals
in background from upper San Juan
and plume

* Particulate load transported during
the GKM plume increased
significantly when the Animas joined
the San Juan

OBSERVATIONS:

* ~45,000 kg delivered with plume
increased to 300,000 kg in San Juan
at Farmington

* Most of the SJ load was aluminum
and iron associated with suspended
sediments

* High metals load in San Juan diluted
effects of the GKM plume and made
it more difficult to detect
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2
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wr
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Mass of Sediment in the San Juan Rlver

Metal Mass During Plume Passage

o

rsenic Cadmium Selenium

Several metals notably high in GKM: Total
Lead (+416 kg) Total Selenium (+5 kg)
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Correlation of Metals and Aluminum Concentration During the Plume At Sites Along the San Juan River
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Correlation of Metals and Aluminum Concentration During the Plume At Sites Along the San Juan River
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Gold King Mine at Release Site
Cement Creek RK 12.5

Animas at Silverton RK 16
Animas at Baker's Bridge RK 64
Animas at Durango RK 94
Animas at NAR6

Animas at Aztec RK 163
Animas at Farmington RK 190
San Juan at Farmington RK 196
San Juan at Shiprock RK 246
San Juan at 4-Corners RK 296

San Juan at Bluff, Sand Island..
San Juan at Mexican Hat RK...
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San Juan at Shiprock RK 246
San Juan at 4-Corners RK 296
San Juan at Bluff, Sand Island RK.
San Juan at Mexican Hat RK 421

Mass Transport During Time Period of the GKM Release-Generated Plume
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Gold King Mine at Release Site 228
Cement Creek RK12.5

Animas at Silverton RK 16

Animas at Baker's Bridge RK 64
Animas at Durango RK 94

Animas at NAR6

Animas at Aztec RK 163

Animas at Farmington RK 190

San Juan at Farmington RK 196

San Juan at Shiprock RK 246

San Juan at 4-Corners RK 296

San Juan at Bluff, Sand Island RK 377
San Juan at Mexican Hat RK 421

2,058
1,632

4,632

Total Zinc
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Mass Transport During Time Period of the GKM Release-Generated Plume
DISSOLVED METALS

0 Dlsgolved Maia (kllograqg) 20 Dissolved Mass (kilograms)
Gold King Mine at Release Site 0 200 400 600 800
Cement Creek RK12.5 Gold King Mine at Release Site % 52.5 . T . . ‘
Animas at Silverton RK 16 Cement Creek RK 12.5 37
Animas at Baker's Bridge RK 64 Animas at Silverton RK 16 481
Animas at Durango RK 95 olved Arsenic Animas at Baker's Bridge RK 64
Animas at So. Ute NARO6 RK132 Animas at Durango RK 95
Animas at Aztec RK 163 Animas at So. Ute NAROS6 RK132
Animas at Farmington RK 190 Animas at Aztec RK 163 Diq;sohled Copper
Background at Farmington (RK 190) Animas at Farmington RK190 = 11
San Juan at Farmington RK 196 Background at Farmlr.Igton {RK190) = 14
San Juan at Shiprock RK 246 g 11.5 sansjuajn at Far;:_ngto: :i 2:: = 18
San Juan at 4-Corners RK 296 0.4 s ar} Han :t4 c'pmc RK 296 s 31
an juan at 4-Lorners
San Juan at B|Uff_’ Sand Island RK.. 14.6 San Juan at Bluff, Sand Island RK 377 saw 34
San Juan at Mexican Hat RK 421 igd San Juan at Mexican Hat RK 421
0 5 Masiéknlogranlss) 20 25 Dissolved Mass (kilograms)
0 500 1,000 1,500 2,000
Gold King Mine at Release... & 0.5 Gold King Mine at Release Site m 223 o e ' o
'Cement'Creek RK12.5 1.3 Cement Creek RK12.5 s nnnamemmsm 1,79
Anln."las at Sllvekrto'n R!(dlS Animas at Silverton RK 16 s s 1,530
Arumas at Baker's Bridge... =5 0.8 Animas at Baker's Bridge RK 64 ssssssssssssmmmmms 364
Animas at Durango RK 95 .
Ani t So. Ute NAROG Animas at Durango RK 95 s 105
:"f’as 2 . :' . N RK163 = 0.8 Animas at So. Ute NARO6 RK132 = 36
Animasr:tnl]::srr?lin Zt:r: RK 190 ’ D| ;SO'VEd Lead Animas at Aztec RK163 = 40 D. I d Z.
g . Animas at Farmington RK 190 s 146 ISsoive inc
Background at Farmington. .
. Background at Farmington (RK 190} : 14
San Juan at Farmington RK. San J tF . RK196 s 158
San Juan at Shiprock RK 246 20 ans uajn 2 a;r:lll-ngto: RK 246 3
S
San Juan at 4-Corners RK 296 an Juan a tproc w72
San Juan at 4-Corners RK 296 ssss 111

San Juan at Bluff, Sand...
San Juan at Mexican Hat.

San Juan at Bluff, Sand Island RK 377
San Juan at Mexican Hat RK421

aasw 178
sy 140
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Measured Dissolved Lead Concentrations
0.5 ug/L Pre-event concentrations

FOI%'DWIHQ GG'd Klﬂg Mlne SPI" 2.5 ug/L National Aquatic Life Criteria Chronic
12-hour maximums 5 ug/L Region 6 & 9 - Aquatic Life Criteria Chronic

" : L 65 ug/L National Aquatic Life Criteria Acute

100 ug/L Livestock Criteria

130 ug/L Region 6 & 9 - Aquatic Life Acute

200 ug/L Recreational Screening Level

. IR Gotd King Mine
| pissalved tead ot} |
Mot Samplad
Baiow datsction
JE I 1=
§51-258

25-8

© 08/05/15 12:00AM to 08/05/15 12:00 P\

B Rt
8- 138
20 - 180

5
P

Below all criteria

1
1

Yavajo Lands

}-— Above at least one criterion

Notes:

* Grey dots represent locations that were sampled at

= 300 some point between 8/5 and 10/15, so grey dot
E 0 indicates no sample taken during corresponding 12
& onn ;
£ hr period
& 150
bt
z o * Color of dot represents maximum result based on
"(’é 55 & @ § .
z g g g samples over 12-hr period
£
s'_’?t DO R ] DO R ] DO R ] £ e (R Bk R £, et £ £33 sk €3 £ sk €3 £33 sk €3 “{* ";“; ‘(S bl ‘(S
s 2333794735333 383388833388538338885¢¢ * Spikes seem to coincide with rain events (see preci
e o B a0 PP dd SR EEadERE T 880D P pEen
chart)
Date Megsured 5t Duranes &lrport Weather Station o
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)

Load (kg)

As,Cd,Cu,Pb,Zn Summed Daily Load

%

24hr Plume Load, Metal Load
San Juan at k
Farmington ( g/d ay)
24hr Plume Load, ~ 600 kg
Animas at
Farmington

= 900 ke \

Hp 196 265 V4 ZE8 248 IR 296 333 M8 378 4

River Km

As.Cd,Cu,Ph,Zn Total Mass in Unit Block of Sediment

Bed Sediment Mass @

During the 2-month period after the GKM release,
and during the GKM plume, total metal
concentrations and daily loads were larger in the
San Juan River than in the Animas River and tended
to increase in the downstream direction

Post-event monitoring has shown that water
concentrations of some metals are high in the San
Juan River relative to water quality criteria during

storm events
(e.g.Aug 27, Sept 6 and Sep 26)

Although there are large amounts of metals sorbed
to suspended sediments transported through the
San Juan River, metals concentrations in bed
sediments are low compared to those in the Animas
River

Data includes only post-event samples
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%

The large metals loads in the San Juan are not due
to a high level of metal contamination in the bed—
in fact, concentrations are generally small

Bed sediments are the source of high suspended
sediment concentrations during storms

Aluminum and iron are associated with sediments
and their concentrations are elevated with
streamflow along with suspended sediments

The correlation graphs introduced earlier show a
consistent relationship between most of the metals
and aluminuml/iron

Streambed metal concentrations are high enough
to account for water concentrations as flow and
suspended sediments increase

Metals Correlation With Aluminum Analysis

TOTAL ARSENIC

% Mon Plums
& Moesr GEM Paale
& Druring

8 Storm

Concentration {ugfl)
&

1000 -

[
L=

Concantration (ug/l)
L]

100 1,000 10,008

% Mon Phime ?ﬁx
e,

& bear GEM Pask Py-s
84
1 ADuwring
8 S5torm

TOTAL LEAD &
& B
g

B

100,000 1,000,000

Sluminum Goncentration {ug/l)

§00

§0,000

§,500 §00,000 1,000,000

Sburninbmurn Doncentration {ugfl)
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{50

g/t

-

Metal Concentration {m

Agdmas River in Durango RK 96

REENE

45
<
I

Slume
o

frrigation

s D encslved
........... Gy Coatloidal
sl 00 0 M'&EG?" Cations

Research Question:

Did/Will GKM release metals affect water concentrations:
* During fall months (August-October) post event?

* Spring snowmelt

Metals concentrations in water retreated back towards normally observed
levels quickly after the GKM plume passed

Typically, dissolved major cations including Calcium, Magnesium, Potassium,
and Sodium dominate the metals content of water during summer

Post-event adjustments to GKM water chemistry and sediment deposits
possible from several sources

e Water chemistry changes with continued/increased effluent treatment
* Dissolution of precipitates (e.g. gypsum, gibbsite, ferrihydrite)

* Mobilization of bed deposits in high flow events

Dissolved Iron and Aluminum near Arter RE 177

00
Storms
10000 RN
ok \ X
< PN
£ 1000 %
o3
E 100
Z Y & ‘Q\X\\\
2010 S Sk A S & B
E‘S \ \3\\\\ e @\Q@&\%\\@ S ‘\‘\@«w\\\wﬁo ;\ ‘\\\
3 N & &
3801 ¥
=¥ MOy L2 N R 3 S O o 3 L B« B o B it T o TR SO+ L ST
P R T S o A S B S B A R R S R
Lv IR e & B« ¢ B ¢ & B « ¢ S A 4 B v 5 B <4 B v & B * 4 e S
BN S
LiNEA 33
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Data Sources for pre-GKM event data

e Superfund sampling at Silverton (n=130) and Baker’s Bridge (n=5), 2012-2015
e EPA STORET data at Durango (n=165), 2009-2014

e USGS samples at Farmington (n=12), 2006-2010

Note: USGS data were available at Silverton, Baker’s Bridge, and Durango for the mid to late-1990’s and early 2000's.
Due to changes in managed mine geohydrology as well as AMD treatment facilities, we opted to use the most recently collected
historic data (2009 to 2014) to characterize pre-event water quality.

A full suite of metals (24) were not consistently measured in pre-event samples

PUHTAET ame 00 90V 34
LRERT O TR &I SO
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© 200 -

Dissolved Zinc
Silverton
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260 -
240 -
220 ¢
200 -
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160 =
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Streamflow
During
Sampling

8/4/2015 firiiliiiiiili
8/14/2015 -
8/24/2015
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9/13/2015

9/23/2015 -

10/3/2015 &

120,000 - . .
= Dissolved Calcium
Y  J R
3 100,000 - Silverton
8 :
2 80,000 -
(0] .
2
c 60,000 -
(&)
g E
S 40,000 -
: o
20,000 ke . .,
0

0 500 1,000 1,500 2,000

Flow (cfs)

* Dissolved metals concentrations show strong

inverse relationship to streamflow

* Rising temporal trend in post-event dissolved
metals may be explained by steadily declining flow

Analysis Implications:

* Restrict pre vs. post comparisons to same flow

levels

* Historic data at flows similar to post-event period

were primarily collected in spring

IR
U

IR

Concentration (ug/!)
(e

Relation of Metal Concentrations to Flow

Dissolved Copper

Concentration {ug/l)

A Silverton
S
2
e L. .
. o
‘. [ ] ®
EEEEENCEEES Gunn et @ ®
500 1,000 1,500 2,000
Flow (cfs)
10.0 -
8.0 ;' Dissolved Nickel
6.0 s Silverton
40 “-
20 §.
0.0 "'. f o S— * ®
0 1,000 2,000
Flow (cfs)
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Concentration {mg/L)

Concentration (mg/l)

0.4
835
8.3
8.2%
0.2
g.15
8.1
8.0%

Metals Behavior in Relation To Flow During Spring Snowmelt Period

Colloidal Zinc at Silverton

y = 0.0001x + 0,054
R = 0.4697

500

1000
Discharge {cfs)

Dissolved Zine at Silverton

1500

2000

y = .0.0001x + 0.3799
R = 0.8878
500 1000 1500

Discharge {cfs)

2000

Concentration {mgfl)

Concentration {mglL)

0.06
0.05
0.04
0.03
0.0%
0.01

g

0.008
0.007
0.006
0.00%
0.004
0.003
0.002
0.001

L.olloidal Copper at Silverton

\..*
e
you Q0000 x + 0016316
B? = 02865857
500 100 F506 2000
Discharge {cfs)
Dissolved Copper at Silverton
y = 0000002y + 0.0064692 g
B 0.5662172
500 1060 1500 2000

Discharge {cfs)

USGS Sampling During Snowmelt 1995-96 Reported in Church et al. 1997

oy §::‘ & E:H\S“ i o

sy e o
SOV R
8. SRR

USGS sampled 4
times during a
snowmelt season

Patterns repeated
at Durango and
Farmington (not
shown)

Colloidal shows
increase during
snowmeilt,
hysteresis
(particle
mobilization)

Dissolved shows
decrease (dilution)
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Concentration {ug/l)

Some dissolved metals show concentration increases around Silverton in the post-event period
compared to pre-event data
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Dissolved Cadmium
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Concentration (ug/l)

1.4 -
12 -

1.
0.8 |

0.6
0.4

Examples of Flow-Restricted Sample Comparisons

Dissolved Arsenic

Durango 4.0 o
3t Dissolved Cadmium
A : .
A S Silverton
g 3.
A 3
c 25 & 4
ﬁé Ae, 20 ',l':‘ Ay A ® A Post—.Event Mean=2.1
m ']
a9\ Aﬁ A S o0 o ° ° o Ra ®A 4 A
A A AA&AA A AR qc) 1.5 a Pre-Event Mean =1.3
A A A O --i--a-i-~...—-. & 8. - ™
: Post-Event Mean = 0.4 s 10 ° e © %ol , o o ® e ®
O
- [P~ BRSO N O B DD -2 ®
R & n® . B Pre-Event Mean = 0.2 0.5 ¢ o
; Y ; i i OO
100 120 140 160 180 200 90 140 190 240
Flow, cfs Flow (cfs)
® Pre-Event

A Post-Event
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Sample Sizes:

Dissolved, Pre: n = 7-42 [] Significant Increase (p-value < 0.05)

Dissolved, Post: n = 19

Total, Pre:n=5-9
Total, Post: n= 18

[ ] No change (p-value > 0.05)
Significant Decrease (p-value < 0.05)

SILVERTON—August-October

Dissolved Concentrations:
* Majority of metals were larger

* Many statistically significant

* Notable: Aluminum, Copper, Zinc

Total Concentrations:
 Some metals larger, some smaller

» 2 statistically significant

* Notable: Copper

SILVERTON

Metal Pre {ug/l Past {ug/} Change p-value
Alurmioum 45 158 bcrease D005
Arseaic .25 Bay Intrsase Bl
- Cadmium 127 2.08 fncrease 00001
3] Cohalt 482 7.00 fncrease 001
% Copper 270 2231 ncrease 200001
W) fron 1400 1509 Inrrnane o7
g Lead 029 057 Intreace nel
Mancaneco 1419 1451 Increase L
Nicke! 0.93 475 Increase 0006
Tine 490 &851 bcrease <0.6001
Slimiaum 2208 252 Decrease o7
Brspnie 53 1,30 Incragca Doy
Ladiium 194 208 Incronen 44
TU Copper 26 57 Increase <0000l
E fron 3058 2748 itregne a2
— Lead 10.25 255 Decrease 0.71
Manoanace 1840 1444 Introass Ban
Mickel 129 4,47 Imcrease 202
i 654 Ga5 Hecragce aen
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[] Significant Increase (p-value < 0.05)
[ ] No change (p-value > 0.05)
Significant Decrease (p-value < 0.05)

Durango—August-October
Dissolved Concentrations:
* Some larger, some smaller

 Many in both categories statistically
significant

* Notable: Iron, Aluminum

Total Concentrations:
»  Most metals smaller

* Most statistically significant

* Notable: Aluminum, Iron,
Manganese, Zinc

Sample Sizes:

pissolved, Post 1= 57 DURANGO
Ig:::: g:)i:t;n n==3;7 ‘@e;tag | Pre {ug/l) Post {ug/l) s‘:ﬁange Ep—végifie
= ——

Al

o8
oo

Cadimom Dovrease a4

Inrreacs D42

&
SRR
&

Total

£
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Sample Sizes:
Dissolved, Pre:n=9
Dissolved, Post: n =16

[ ] Significant Increase (p-value < 0.05)
[] No change (p-value > 0.05)

Farmington Dissolved

Metal Pre {ug/l} Post {ug/l} Change o-value

Significant Decrease (p-value < 0.05) Aluminum 9 130 Increase <0.0001
Arsenic {154 .68 Increase .25
Farmin gton— Au gust- November Ca-x:%m&um 0.05 .11 Increase 0.16
Cobalt 8.16 (.45 Increase £.004
Dissolved Concentrations: Copper 2.4 2.5 Increase 0.98

« Majority of metals were larger lron 80 Increase £.0002

lead .23 .35 Increase 0.3

e 40f10 statistically significant Manganese 34 2% Deocrease 072
* Notable: Aluminum, Iron, Zinc Mickel 12 2.1 Increase 0.04
Zinc 12 5 Decrease 0.09

No historic sampling of total metal concentrations available at Farmington

The increased dissolved concentrations of Aluminum (143 ug/l) and Iron (85 ug/l) translate to

7,000 kg and 4,000 kg of additional mass over a 60-day mean flow period
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Silverton Baker’s Bridge Farmington
Observations: .o .
Arsenic | * * . N o R 7
®  Some metals appear to (mglkg) | Kaoss W RERNL T R
decrease in weeks REILE N T T et
following the GKM, '"
especially at Farmington B N A .
(earlier sampling Cadmium | = g e 8|8 L Fem
period) (mglkg) | .. ., T . SR - o kemwneg s
¢ Concentrations not Co. . .
elevated relative to pre- Copper |* - woa o Eees p e
event EPA superfund (mglkg) |~ .  weooe T F e BRI B B
sampling; exception is :
Copper at Farmington =, .
in the immediate post- Lead e o L . e
event samples (mglkg) | ' oo Lt N " ] S
Green bands represent 95%
confidence interval for mean Zinc |= " e w50,
of pre-event samples T I

8124 10/3 8/24 10/3  8/9 913

43

ED_004888_00048538-00043



In the two weeks following the plume
passage, about 16,000 kg of metals were
slowly leaked (indicated by monitoring

samples)
The large storm on August 27t affected
the lower Animas watershed:

e delivered between 1.3 and 6.7
million kg of metals to the San Juan

 exceeded the 450,000 kg of total
metals deposited in the Animas
during plume passage.

TOTAL METAL TRANSPORT

16,000,000
Delivered to 5a
Juan from 8/2
storm
LO00.000 e Dropped in Animas
. during plume passage
2
%
%
13
&
iﬁ@ﬁ@ﬁ% .....................
Carried into Post-Event Delivery
San Juan to San Juan
10,000
Plume Farmington, 8/11- Farmington, B/27
g/26 Storm

Estimated range of metals load for the August 27 storm event
based on assumption of constant water concentrations (lower

bound) and volumetric scaling (upper bound).
44
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Expected Metals

Concentrations

During Snow

Melt and High Photo: TrpAdvisorom

Flow Events

Streamflow {cfs)
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&

&

Fit regression lines
to individual metals
concentrations in
relation to flow

Dissolved and
colloidal fractions at
each site

Applied regression
to the average daily
flow at USGS gage
(available as one of
the flow statistics)

Concentration {ugfl)

Dissolved Lopper at Silverton

GEPA . A UBGSE

y & $4.95 88

£,200

Diissolved Ling at Silverton

000

BO%

&0% 4

404 -

Cioncentration {ug/h)

GEPA & UBGS

y w GORG, Fy WAt

Rr=8.7181
o B = 0.474 . : ) N
“ 200 - SR S G D
R "'- .......... S e e e 0 ..f.}..... E :
508 0080 §.500 PR 2,508 H 500 §.000 1,500 2,000 2,500
Flow (s} Flow {ofs)
LLolloidal Ting at Bilverton
03,38
o 015 ; & y = DROO24 T+ DO3TE454
Y - : RE=.05%81144
& USGS data (Church
g 020 et al. 1997
§ oo integrated into EPA
foud
g 2009-2014 data
£
i3

500 £ 000 £500 2,800

Flow (ofs)

2,500
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Concentration {(mglh)

Daily Load {kg)

0.9

Expected Annual Metals Concentrations and Loads at Silverton
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L.oncentration (mglh)

Expected Annual Metals Concentrations and Loads at Durango

s PR mgeyyed wom e O nligidal/Particulate
028
$.08 - " . o
L Zinc Concentration '
016 - Py
i ; |1
.04 ; g 4
[}
2.2 - Aquaticacute =.286 mg/l Dis i b
#.18 -.Aquatic chronic = .228 mg/l Dis H L
: ¥
0.08 - o kY
i i %
406 - # i
raggssasness Y § %\&&x““‘\\“‘\“\\\\\w\\\\\\x
H.064 - i o -‘:\\ e R By
- mmmmmmmmmmmmmmmww %
D402 - \\
' M
§ 30 &0 90 120 159 188 210 240 270 300 330 340
June 1l
Day, HydrologicYear
T S — Dissolyved ~~-~=ColloldaliParticulate
{500 Zinc Load at Durango
;%B 5,000 GKM -
ot
g 800 626 kg
3 81%
=680 )
= . colloidal
£ ang 1Annual Dissolved = 20,000 kg
Annual Colloidal = 61,400 kg
e -
g & L

£ 30 &0 90 20 50 180 210 240 370 300 334 380

Dyay, Hydrologic Year

June 1

Concentration {mgll)

0.025 -
0.620
0.015
0.010
0.005 .'

0,600 -

£
ke
Snope
o
&
e
i
2
g
£3

s PR immalyad e Colioidali Particulate

S e
opper Concentration f”“"&%
R
I ]
§ $
§ %
! 3
Aquatic acute = .024 mg/I Dis ~ § 3
Aquatic chronic = .016 mg/l Dis ; Y
# ]
] 3
! -
& %%%
e Wff e
Wmmmmm%mmmmmmww

8 30 &0 B0 120 150 180 210 240 270 300 330 348
June 1

Day, HydrologicYear

.................................... Diinacivad

wone oo 0 ¥l siclal i Particulate

Copper Load at Durango

Annual Dissolved =380kg
Annual Colloidal = 7.590 kg

GKM =
208 kg
96%
colloidal

Y
w
O 25 o 0 !

Junel
Eray, Mydrologic Year

& 30 &0 90 120 150 180 200 240 270 300 330 380

ED_004888_00048538-00048




Total &s Resuspended from Sediment

Total Cu Resuspended from Sediment

£.087
0.008 Silver | g < Low Floaw Total Cu
00507 Sitverton A . ;;3: ;@W ;ﬂ:aa ? . B.oos fverton nid Flow Total Cu
= rsenic - oW ToEl A8 = e i gy Florae Total i
%ﬁ 0.008 High Flow Total s 4 0.005 copper &
H 8,005 - § 0.004
= 0.004 %
& & 083
E 0.003 7
A 5
§ (0003 § 8402 Durango
G001 Durango  Farmington o661 Farmington
& - : : ; & : : -
100 200 280 4850 SO0 & 184 200 300 4885 500
River Kilometer River Kilometer
Tots! Ph Resuspended from Sediment Total Zn Resuspendad from Sadiment
816 - , o G0l Durango
014 Lﬂ}; Fg{zw Ye}tag ?b £.0009 N Low Flow Total Zn
. Lead """""""" Aic Flow Totai # 0,000 Zinc ... Rt Flow Totsl 2n
0,42 N e High Flow Total Ph o Hizh Flow Total In
o Sihverton ¥ 00007 g
Wl - 0006
& [
‘g 308 kg 20005 Sivert
% 006 § 5.0004 Stverton
2 £ 0.0003
g o S ooz
8,02 Durango  Earmi ) +Farmington
g ange  Farmington 0001 :
i i

100 200 300 400 SO0
River Kilometer

100 200 300
River Kilometer

430

508

WASP simulation:

* All GKM deposited
metals mixed at
once into the water
column

e 3 flow levels
Results:

Largest concentrations
in Silverton

All concentrations
<1mg/L

Concentrations lower
at high flows

Very small changes in
concentrations

ED_004888_00048538-00049




sing the developed metals : : :
. . h d'ments we ran 16,060,600 Movemnent of Tota! Particulate Metals In the Sediment
concentrations in the sedi , 0%,
WASP USing flOW from 20| l tO SlmU|ate . 1000,000 ¥ Background Tot Part Cone
= & Post Mume Tol Pert Conc
20 I 6. \éﬁ IO0000 < B, @ T 5107186 12:00
& H . . '§ 10800 -
¢ Simulated low, middle, and high flows, B
including the snow melt period. : v
&3
108 -
¢ Sediment concentrations changed .
negligibly over the length of the o woo 280 500 400 0 | Simulated
simulation with 2011
o Wi | ) 06025 Movement of Totsl Particulste Meials In the Water Column flow data
) ater column concentrations were ‘
. . . e 3T IR 17003
highest during low flow periods and & 0002 - /1 1200
: (
nearest the GKM. gﬁﬁ@iﬁ L Loy ﬂow vvvvvvvvvvvvvv 5!3;‘15 132:00
. . . . § s T BT 16 1200
® Highest concentrations during low flow § o001
. 5
period all < 3 pg/L Soooms |
& MatCheS Patterns With empirical analysis . » (i Ho w——- —— :,v .
based on observed data ’ . H ver Kilometer e w0
AFY une 29, 2018 50

ED_004888_00048538-00050



Simulated
with 2011
flow data

fMovement of Total As In the W using Flxed K,

tovement of Total Cu in the W using Fived ¥,
8.00002 - 600053 -
e 31515 12:00 ) C e 315 15 12108
. Arsenic s 371815 120008 Low flow opper s 31818 1200
% 000015 4§ §/3{18 12:00 O T A"V ot 83716 12:00
= FEEPIAE 1200 % 00002 e T 37 {15 12:00
B y
§ 000001 - LGW;O‘W g
& Y S ey i
& =
£ & 000001 -
3
o 000008 g -
: & “""“”
= High oW e o | el Highflow. o
& 100 208 300 4040 500 0 200 308 fetaia] R043
River Klometer River Kilometer
pooss . Movement of Totsl Pb in the WC using Fixed K, soonnts . Movement of Total Zn in the WO using Fixed K,
Lead e 241516 12:00 Zinc e 2/15/16 12:00
o D.000% €d e 3/ 4§ 16 12200 & s 3816 12200
o [213]
”%g vvvvvvvvvvvvvvvvvvvvvvvvvvvv §/3516 1200 2 o.00001 tow flows § 0 e 83716 12:08
= Low £l e T TS 15 12200 & e 216 12:00
£ 00002 - OwW How %
] Rob
8 £ 0000005 -
£ ono0r ]
bt roohoss
Y — — ‘“\w““‘“‘“ e —
o b High Hlow. : o jghi flow _
180 200 300 400 308 108 200 308 400 308

River Kilometer

River Kilometer

Results:

Arsenic and Lead
highest upstream

Copper highest
at Durango

Zinc highest in
the lower
Animas

Concentrations
of all metals
were far smaller
than .001 ug/I

ED_004888_00048538-00051




&

5

GKM metals mass largely originated in Cement Creek between the mine opening and the Animas River and most
deposited throughout the Animas River before joining the San Juan River at Farmington

Metals mass settled differentially within the Animas River reflecting geomorphology and geochemical reactions
— Heavier deposition in reaches below Silverton and downstream of Bakers Bridge (traditional areas of sediment
deposition indicated by river braiding)
— Also general deposition along entire course of river declining in downstream direction
— High pH sorbing metals (zinc) settled farther downstream than low pH sorbing metals (arsenic, lead, copper)

Pre-existing concentrations of metals in the streambed due to ongoing AMD contamination from headwater mines follow
the same pattern observed in the GKM plume

Despite the large mass of GKM metals deposited, concentrations of metals in the streambed in the months after the
release were within the variability of pre-event samples taken at Silverton, Baker’s Bridge, and Farmington. This was due to
the large pre-existing metal reservoir in stream sediments from ongoing AMD in the Animas headwaters

The San Juan River received a relatively small mass of GKM metals compared to what was already in transport sorbed to
suspended sediments in the San Juan. However, total lead and selenium from the plume was measurably higher.

Post-event data did not indicate that the GKM plume affected concentrations of metals in the bed of the San Juan River
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Metal concentrations in the water declined toward background conditions quickly after the plume passed

In the 3-month period after the release, there were changes in metal concentrations compared to pre-event
conditions

Many statistically significant

Some metals increased, some decreased, and patterns varied between Silverton, Durango, and Farmington
Aluminum and lron most involved

Concentrations remained below water quality criteria

Could be due to changes in water chemistry, dissolution of precipitates, other?

USGS studies in the 1990’s showed higher metal loads during spring snowmelt

This study refines that analysis showing annual patterns of metals in relation to streamflow

Highest dissolved concentrations during low flow
Higher colloidal/particulate concentrations with higher flows
Snowmelt carries most of annual load but has relatively low metal concentrations

Monitoring should provide additional data to refine relationships between metals and flow to improve
loading estimates
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